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DETAILED ACTION 
Response to Arguments 

1 . Applicant's arguments filed 11/1 7/2008 with respect to the rejection of claims 1 
and 10 under 35 U.S. C. §103 have been fully considered but are not persuasive. 

Applicant argues the newly added limitation that "the linear operating 
region of the drive transistor is avoided" is not taught by Akimoto because 
Akimoto is silent about any operating, or not operating, transistors in any 
particular regions including avoiding the linear operating region. Examiner 
disagrees. The art and reading thereof already of record sufficiently describes the 
limitation added. The rejections below more clearly point out how the art applies 
to the new limitation and by way of further explanation examiner offers: 

Akimoto describes a pulse-width-modulated gray scale. Pulse-width- 
modulation is an on-off type of modulation. It is known to be used specifically to 
avoid running transistors in their linear regions. One of ordinary skill in the art 
knows this without it being pointed out in so many words. Akimoto proposes in 
one embodiment, using a linear ramp input to a comparator in order to time the 
duration of the pulses. Akimoto recognizes that this could cause the circuit to 
pass through the linear region slowly and offers solutions to the problem. 
Akimoto provides elements so that the transition is made quickly through the 
transition point. Consider 6:1-8, especially "almost rectangular". Akimoto goes on 
to offer that further improvement can be obtained by using a stepped rather than 
linear waveform so that noise can be avoided (see Fig. 10 and citations in 
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rejections). Using a stepped waveform to drive a circuit designed to produce an 
"almost rectangular" response when driven by a linear voltage ramp makes the 
transition time even less. Clearly this avoids the linear region of operation of the 
transistors. Akimoto does not specifically state "my circuit avoids operating the 
drive transistor in the linear region" but the totality of the disclosure would have 
reasonably suggested it to one of ordinary skill in the art. Applicant is urged to 
describe, as limitations in the claims, the particular elements or methods that 
cause the linear region to be avoided, which applicant believes distinguish 
applicant's invention from the prior art. 

Note 

In the following rejections, primarily copied from the previous office action, the 
modifications for form and grammar have not been incorporated into the language of the 
rejections. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 

forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the phor art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1-7, 9-14 and 16-17 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over U.S. Patent No. 6,876,345 to Akimoto et al. {"Akimoto"). 
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As to claim I.Akimoto sixth embodiment discloses an active matrix 
electroluminescent display device comprising an array of display pixels (see for 
example column 5 lines 5-10 and column 1 lines 36-42), each pixel comprising: 
an electroluminescent display element (see for example Fig. 13 item 84 and 
column 12 line 35) and ; a drive transistor (see for example Fig. 13 item 91 and 
column 12 lines 30-36) for driving a current through the display element, a drive 
voltage being provided to the gate of the drive transistor (see for example Fig. 3 
and column 5 lines 40-42, which generally teaches to Vin to Vout relationship); 
and a storage capacitor (see for example Fig. 13 item 82 and column 12 lines 25- 
30) for storing a drive level (see for example "signal voltage" of Fig. 14 and 
column 12 lines 51-55) and connected between an input to the pixel and the gate 
of the drive transistor (see for example Fig. 13, which shows capacitor 82 so 
connected), wherein driver circuitry is provided for providing a linear voltage 
waveform to the input of the pixel (see for example Fig. 14 "PIXEL DRIVING 
VOLTAGE" associated with "DRIVING SIGNAL LINE" and column 12 lines 55- 
60), the voltage waveform being voltage-shifted by the storage capacitor before 
application to the gate of the drive transistor (see for example Fig. 13 and column 
12 lines 51-60, which describe the storage of a signal voltage on the capacitor 
followed by the application of a triangular waveform to the capacitor through line 
96; this results in the triangular waveform being voltage-shifted by the amount of 
the stored signal voltage before being applied to the gate of the drive transistor). 
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Akimoto sixth embodiment does not expressly disclose that the voltage 
waveform is stepped or that the height of the steps in the stepped voltage 
waveform is greater than the voltage width of the linear operating region of the 
drive transistor. 

Akimoto third embodiment discloses that the voltage waveform is stepped 
and that the height of the steps in the stepped voltage waveform is greater than 
the voltage width of the linear operating region of the drive transistor so that the 
linear operating region of the drive transistor is avoided (see for example Fig. 10 
and column 9 line 57 to column 10 line 21 , noting that the inverter and thus the 
drive transistor, i.e. item 31 or 32 of Fig. 6, is off at one step and on at another, 
and further that setting the writing signal at a medium level ensures that the 
switch point, i.e. linear operating region, is crossed in the transition from one step 
to another; since this is indicated as a stepped transition the linear operating 
region is "avoided", that is the transition through this region is rapid). 

Akimoto sixth embodiment and Akimoto third embodiment are analogous 
art because they are from the same field of endeavor, which is image displays 
capable of multilevel display, and seek to solve the same problem, which is to 
reduce the variation in PWM circuits caused by differences between TFT 
circuitry. 

At the time of invention, it would have been obvious to a person of 
ordinary skill in the art to apply the stepped waveform oi Akimoto third 
embodiment to the circuit o1 Akimoto sixth embodiment. The 
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suggestion/motivation would have been to provide advantages such as to 
prevent changes caused by noise (see for example column 10 lines 11-14). 

As to claim 2, in addition to the rejection of claim 1 over Akimoto sixth 
embodiment and Akimoto third embodiment, Akimoto third embodiment further 
discloses that the height of the steps in the stepped voltage waveform is 
sufficient to include the linear operating region voltages of the drive transistors of 
all pixels of the display (ibid, note that fig. 10 is representative of all pixels and 
thus applies to all drive transistors). 

As to claim 3, in addition to the rejection of claim 1 over Akimoto sixth 
embodiment and Akimoto third embodiment, Akimoto third embodiment further 
discloses that the drive level is selected to have one of a plurality of values, and 
is selected such that any gate voltage for the drive transistor in the linear region 
corresponds to a voltage between steps of the voltage applied to the gate of the 
drive transistor (ibid, note that Fig. 10 shows two different stored levels and that 
each of these is set at a midpoint between step levels; further see for example 
10:15-21). 

As to claim 4, in addition to the rejection of claim 1 oyer Akimoto sixth 
embodiment and Akimoto third embodiment, Akimoto third embodiment further 
discloses that each pixel further comprises an address transistor, connected 
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between a power supply line and the gate of the drive transistor (see for example 
Fig. 13 item 89), and Akimoto third embodiment further discloses that each pixel 
further comprises an address transistor, connected between a power supply line 
and the gate of the drive transistor (see for example Fig. 6 item 9). 

As to claim 5, In addition to the rejection of claim 4 over Akimoto sixth 
embodiment and Akimoto third embodiment, Akimoto third and sixth 
embodiments further disclose means for disabling the driving of current by the 
drive transistor through the display element (see for example Fig. 5 noting that 
there is an "ILLUMINATING PERIOD" during which current driving of current 
through the display element is enabled and that during the rest of the driving 
period the driving of current by the drive transistor is disabled). 

As to claim 6, in addition to the rejection of claim 5 oyer Akimoto sixth 
embodiment and Akimoto third embodiment, Akimoto third and sixth 
embodiments disclose the claimed invention except for an isolating transistor in 
series with the drive transistor and the display element. It would have been 
obvious to one having ordinary skill in the art at the time the invention was made 
to add an additional transistor in series with the drive transistor of yA/c/moto, since 
it has been held that mere duplication of the essential working parts of a device 
involves only routine skill in the art. St. Regis Paper Co. v. Bemis Co , 193 USPQ 
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8. In this case the two transistors would be driven on and off at the same time for 
example in order to reduce off state leakage current. 

As to claim 7, in addition to the rejection of claim 4 oyer Akimoto sixth 
embodiment and Akimoto third embodiment, Akimoto third and sixth 
embodiments further disclose disabling means comprising a switch for switching 
the voltage on one terminal of the display elements of the array of pixels (see for 
example Fig. 13 item 89). To further prosecution examiner also notes that an 
power switch for the device would also read on the claim limitation as written. 

As to claim 9, in addition to the rejection of claim 1 over Akimoto sixth 
embodiment and Akimoto third embodiment, Akimoto third and sixth 
embodiments further disclose that the device Is operable to provide pulse width 
modulation (see for example 3:34-4:27; note that). 

Akimoto third and sixth embodiments do not explicitly disclose the device 
is operable in at least two sequential phases, one phase providing coarse 
resolution pulse width modulation and the other, shorter phase, providing fine 
resolution pulse width modulation. However, since Akimoto does not confine the 
device to a single speed of operation it is reasonable to assume that It may be 
operated at two or more speeds, i.e. one faster and thus having shorter pulses or 
finer resolution. Since it is operable at two speeds it is operable in at least two 
sequential phases at the two different speeds. This could be accomplished for 
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example by swapping oscillators or programming a different oscillation 
frequency. 



Claim 10 claims the method implicit in the apparatus of claim 1 with the 
additional limitation that for a first set of the voltage steps applied to the gate of 
the drive transistor, the drive transistor is turned on, and for a second set of the 
voltage steps applied to the gate of the drive transistor, the drive transistor is 
turned off, the first and second sets being determined by the stored pixel drive 
level and is rejected on the same grounds and arguments as claim 1 with the 
additional argument that Akimoto third embodiment teaches the additional 
limitation (see for example Fig. 1 0 and column 9 line 57 to column 1 0 line 21 , 
noting that the inverter is on for period corresponding to a first set of steps 
indicated as being part of the "COLUMN ILLUMINATING PERIOD" and off for the 
rest or second set of steps). 



The limitation of claim 11 that the height of the steps in the stepped 

voltage waveform is greater than the voltage width of the linear operating region 
of the drive transistor was covered by the rejection of claim 10 since this was a 
limitation included in claim 1. 
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As to claim 12, in addition to tlie rejection of claim 1 1 over Akimoto sixth 
embodiment and Akimoto third embodiment, claims the method implicit in the 
apparatus of claim 2 and is rejected on the same grounds and arguments. 

As to claim 13, In addition to the rejection of claim 1 0 over Akimoto sixth 
embodiment and Akimoto third embodiment, claims the method Implicit In the 
apparatus of claim 3 and is rejected on the same grounds and arguments. 

As to claim 14, In addition to the rejection of claim 1 0 over Akimoto sixth 
embodiment and Akimoto third embodiment, Akimoto further discloses that the 
act of storing a pixel drive level on the storage capacitor comprises turning on an 
address transistor (see for example Fig. 1 3 transistor 81) connected between a 
power supply line v ^\■^ " \^ "^"^ " and the gate of the drive 

transistor and charging the storage capacitor using the address transistor (see 
for example 12:51-55). 

As to claim 16, In addition to the rejection of claim 1 0 over Akimoto sixth 
embodiment and Akimoto third embodiment, claims the method Implicit In the 
apparatus of claim 9 and is rejected on the same grounds and arguments. 

As to claim 17, in addition to the rejection of claim 1 6 over >4/c/777oto sixth 
embodiment and Akimoto third embodiment, Akimoto sixth and third 
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embodiments further disclose that the stepped voltage waveform to the input of 
the pixel has the same voltage levels in the two phases, and the shorter phase 
has shorter step transitions (since the sequential use of Akimoto from claim 16 
changed only the speed one can reasonably assume that the voltage steps 
would remain the same). 

4. Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. 
Patent No. 6,876,345 to Akimoto et al. {"Akimoto") in view of "PIXEL-DRIVING 
METHODS FOR LARGE-SIZED POLY-SI AM-OLED DISPLAYS" by A. YUMOTO et al. 

{"Yumoto"). 

As to claim 15, Akimoto fifth embodiment discloses an active matrix 

electroluminescent display device comprising an array of display pixels (see for 
example column 5 lines 5-10 and column 1 lines 36-42), each pixel comprising: 
an electroluminescent display element (see for example Fig. 12 item 64 and 
column 1 1 line 38) and ; a drive transistor (see for example Fig. 12 TFT 70 and 
column 1 1 line 50) for driving a current through the display element, a drive 
voltage being provided to the gate of the drive transistor (see for example Fig. 3 
and column 5 lines 40-42, which generally teaches to Vin to Vout relationship); 
and a storage capacitor (see for example Fig. 12 item 62 and column 1 1 lines 41- 
43) for storing a drive level (see for example "signal voltage" of Fig. 14 and 
column 12 lines 51-55) and connected between an input to the pixel and the gate 
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of the drive transistor vseo o -^■^^ ^ ■^^ ^ ^ which shows capacitor 62 so 
connected), the method comprising: 

storing a drive level on the storage capacitor (see for example "signal 
voltage" of Fig. 14 and column 12 lines 51-55); 

providing a ' c ' voltage waveform to the input of the pixel (see for 
example Fig. 14 "PIXEL DRIVING VOLTAGE" associated with "DRIVING 
SIGNAL LINE" and column 12 lines 55-60), the voltage waveform being voltage- 
shifted by the storage capacitor before application to the gate of the drive 
transistor (see for example Fig. 13 and column 12 lines 51-60, which describe 
the storage of a signal voltage on the capacitor followed by the application of a 
triangular waveform to the capacitor through line 96; this results in the triangular 
waveform being voltage-shifted by the amount of the stored signal voltage before 
being applied to the gate of the drive transistor), such that for a first set of the 
voltage steps applied to the gate of the drive transistor, the drive transistor is 
turned on, and for a second set of the voltage steps applied to the gate of the 
drive transistor, the drive transistor is turned off, the first and second sets being 
determined by the stored drive level (se^. \ ^ \ ^ ^ - 

57 io coiumn 10 iine 21 , noti v : o \ v o o \ .v ^ ^ ^ \ c lo 
a first set of steps indicated o . o 0 \ '^"X . v v \ n \ ' 

PERIOD" and o1f for the rest or second set of steps); 

Akimoto fifth embodiment does not expressly disclose that the voltage 
waveform is stepped. 
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Akimoto third embodiment discloses that the voltage waveform is stepped 
and that the height of the steps in the stepped voltage waveform is greater than 
the voltage width of the linear operating region of the drive transistor so that the 
linear operating region of the drive transistor is avoided (see for example Fig. 10 
and column 9 line 57 to column 10 line 21 , noting that the inverter and thus the 
drive transistor, i.e. item 31 or 32 of Fig. 6, is off at one step and on at another, 
and further that setting the writing signal at a medium level ensures that the 
switch point, i.e. linear operating region, is crossed in the transition from one step 
to another; since this is indicated as a stepped transition the linear operating 
region is "avoided", that is the transition through this region is rapid). 

Akimoto fifth embodiment and Akimoto third embodiment are analogous 
art because they are from the same field of endeavor, which is image displays 
capable of multilevel display, and seek to solve the same problem, which is to 
reduce the variation in PWM circuits caused by differences between TFT 
circuitry. 

At the time of invention, it would have been obvious to a person of 
ordinary skill in the art to apply the stepped waveform Akimoto third 
embodiment to the circuit Akimoto fifth embodiment. The 
suggestion/motivation would have been to provide advantages such as to 
prevent changes caused by noise (see for example column 10 lines 11-14). 
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Akimoto third embodiment and Akimoto fifth embodiment do not expressly 
disclose disabling the driving of the current by the drive transistor through the 
display element during the storing of a pixel drive level on the storage capacitor. 

Yumoto discloses a number of pixel driving circuits for OLED displays with 
at least two (Fig. 2 and 3) being circuits that store a voltage level on a capacitor 
and Include a transistor (T4) that shuts of current flow through the drive 
transistor while the voltage level is stored. While, not specifically discussed, it is 
reasonably suggested to one of ordinary skill in the art at the time of the invention 
that at least one of the functions of this transistor is to prevent the OLED from 
illuminating during the storing of the voltage level. 

Akimoto third embodiment and Akimoto fifth embodiment and Yumoto are 
analogous art because they are from the same field of endeavor, which is OLED 
displays. 

Thus the prior art contains a base device, Akimoto third embodiment and 
Akimoto fifth embodiment, upon which the claimed invention can be seen as an 
improvement. This because Akimoto third embodiment and Akimoto fifth 
embodiment would allow a small but not necessarily zero current flow through 
the OLED from the drive transistor during storage of a voltage on the storage 
capacitor. We see that the prior art contained comparable devices, the pixel 
circuits of Yumoto, that have been improved in the same way as the claimed 
invention. One of ordinary skill in the art at the time of the invention could have 
applied the known improvement to the device o1 Akimoto third embodiment and 
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Akimoto fifth embodiment and the results would have been predictable to one of 
ordinary skill in the art, that is the current flow through the OLED during voltage 
level storage would be substantially eliminated. 

Therefore it would have been obvious to one of ordinary skill in the art at 
the time of the Invention to provide for disabling the driving of the current by the 
drive transistor through the display element during the storing of a pixel drive 
level on the storage capacitor as a modification of the device alter Akimoto third 
embodiment and Akimoto fifth embodiment. 

Allowable Subject Matter 

5. Claim 8 allowed. 

6. The following is a statement of reasons for the indication of allowable subject 
matter: Examiner is interpreting the phrase "means for disabling the driving of the 
current by the drive transistor through the display element" in claim 8 under 112 6th 
paragraph, which limits the "means for" to switch 34 and equivalents. The specification 
at [0050] 9:10-17 describes an alternative, that of a switch in the power or ground line 
that affects all pixels, but this alternative is excluded by the requirement in claim 8 that 
the means be part of each pixel, i.e. "each pixel comprising". If not interpreted this way, 
the other elements listed as comprising each pixel could then also be said not to be 
duplicated inside each pixel but just somewhere between power generation and the 
OLED element. The art of record does not disclose a first mode in which a pixel voltage 
is applied to the input to the pixel, the address transistor is turned on, the disabling 



Application/Control Number: 1 0/531 ,605 Page 1 6 

Art Unit: 2629 

means is turned on to turn off the display element and the storage capacitor is charged 
to a level derived from the drive voltage in addition to the other limitations of claim 8. 
Note that Akimoto in Fig. 17 and 18 shows as prior art a circuit described at Akimoto 
1 :43-2:39 that includes means for disabling the driving of current (Fig. 1 7 transistor 223) 
by the drive transistor through the display element during the storing of a pixel drive 
level voltage on the storage capacitor, but this prior art circuit is not taught as operating 
in a PWM manner from a stepped waveform with steps larger than the linear region of 
the drive transistors and the function of the circuit of Akimoto Fig. 13 would be 
destroyed by the addition of an isolation transistor as shown in Akimoto Fig. 17 because 
the charging path for the capacitor during the writing phase would be lost. 



Conclusion 

7. Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
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the advisory action. In no event, liowever, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to ROBERT R. RAINEY whose telephone number is 
(571 )270-331 3. The examiner can normally be reached on Monday through Friday 8:30 
AM to 5:00 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Amare Mengistu can be reached on (571) 272-7674. The fax phone 
number for the organization where this application or proceeding is assigned is 571- 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (BBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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Supervisory Patent Examiner, Art Unit 2629 



